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&'0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RIWKHVHFRPSRQHQWVKDYHDVSHFLILFGHVLJQOLIHRI\HDUVSDVWH[SHULHQFHKDVVKRZQWKDWWKH\FDQKDYHVLJQLILFDQW
UHPDLQLQJ OLIH EH\RQG WKH RULJLQDO GHVLJQ VSHFLILFDWLRQ 7KLV LV EHVW HVWLPDWHG E\ FRQGXFWLQJ V\VWHPDWLF OLIH
DVVHVVPHQWH[HUFLVHVSHUIRUPHGDWUHJXODULQWHUYDOVGXULQJDSODQQHGVKXWGRZQ,QPRVWFDVHVGDPDJHDFFXPXODWLRQ
VWDUWV IURP WKH RXWHU VXUIDFH RI WKH FRPSRQHQWV ,W PDQLIHVWV LWVHOI DV VXUIDFH FUDFNV 7KHUHIRUH FDUHIXO YLVXDO
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&HQWULIXJDOO\ FDVW DXVWHQLWLF VWDLQOHVV VWHHOV VXFK DV WKRVH RI WKH+. DQG+3 VHULHV DUHZLGHO\ XVHG IRU
PDQXIDFWXULQJ UHIRUPHU WXEHV LQ WKHSHWURFKHPLFDO LQGXVWU\ IRUDPPRQLDPHWKDQRODQGK\GURJHQSODQWV$PRQJ
WKHVH+31EPLFURDOOR\HGLVPRUHLQXVHDURXQGWKHZRUOG+LJKHUFUHHSUXSWXUHVWUHQJWKRIWKHVHDOOR\VLVWKH
PDLQFULWHULDIRUWKHLUVHOHFWLRQ7KHSURFHVVKHDWHUWXEHVZHUHGHVLJQHGIRUDOLIHWLPHRIKRIVHUYLFHDWWKH
RSHUDWLQJWHPSHUDWXUHRIƕ&$OWKRXJKUHIRUPHUWXEHVKDYHDGHVLJQOLIHRI±\HDUVSUHPDWXUHIDLOXUHRI
WKHVHWXEHVDUHYHU\RIWHQREVHUYHGPDLQO\EHFDXVHRIVHUYLFHDJHLQJOHDGLQJWRHPEULWWOHPHQWHDUO\RQVHWRIFUHHS
GDPDJHUHVXOWLQJIURPRYHUKHDWLQJ>@
6RPHSDVWREVHUYDWLRQRIUHPQDQW OLIHRQVHUYLFHH[SRVHGPDWHULDOVKDVEHHQUHSRUWHG LQ OLWHUDWXUH>@
%XW LQ WKHVH VWXGLHV VFDWWHU FKDUDFWHULVWLF RI VHUYLFH H[SRVHG PDWHULDO LV QRW WDNHQ LQWR DFFRXQW IRU GDPDJH
UHPDLQLQJ OLIH DVVHVVPHQW 7KH :HLEXOO GLVWULEXWLRQ IXQFWLRQ >@ LV FRPPRQO\ XVHG WR PRGHO WKH VWDWLVWLFDO
EHKDYLRXURIH[SHULPHQWDO UHVXOWV WRSURYLGHD UHDVRQDEOH ILW WR WKHSUREDELOLW\GLVWULEXWLRQVRI OLIH WLPHV WLPH WR
UXSWXUHREWDLQHGIURPVXFKWHVWV7KLVH[SODLQVWRVRPHH[WHQWWKHYDULDELOLW\LQOLIHWLPH+RZHYHUWKHSUREDELOLW\
GLVWULEXWLRQRI GDPDJH DV LW HYROYHVGXULQJ WKH WHVW FDQQRW EH UHDVRQDEO\ UHSUHVHQWHGE\:HLEXOO GLVWULEXWLRQ LQ
PDQ\FDVHV7KLVLVEHFDXVHLWORRNVRQO\DWWZROLPLWLQJVWDWHVYL]WKHLQLWLDOVWDWHZKHQPDWHULDOLVYLUJLQDQGWKH
ILQDO VWDWH ZKHQ WKH PDWHULDO KDV IDLOHG UXSWXUHG 7KLV LPSRVHV VHYHUH OLPLWDWLRQV DV LW FDQ QRW SUHGLFW DQ\
LQWHUPHGLDWH VWDWHV RI GDPDJH DFFXPXODWLRQ %RJGDQRII DQG.ULHJHU >@ DQG *DQHVRQ >@ KDYH GHYHORSHG DQ
HYROXWLRQDU\ SUREDELOLVWLF PRGHO IRU IDWLJXH OLIH WLPH SUHGLFWLRQ 7KLV JLYHV WKH HYROXWLRQ RI WKH SUREDELOLW\
GLVWULEXWLRQDVDIXQFWLRQRIQXPEHURIF\FOHVRUWLPH
+3DXVWHQLWLFVWDLQOHVVVWHHOVLVDFRPPRQO\XVHGPDWHULDOIRUUHIRUPHUWXEHVIRUSHWURFKHPLFDOLQGXVWU\
RSHUDWHVDERYH&7KHUHIRUHLWVFUHHSEHKDYLRULQWKLVWHPSHUDWXUHUDQJHLVRIFRQVLGHUDEOHLQWHUHVW1XFOHDWLRQ
RIFDYLWLHVDWJUDLQERXQGDULHV	SUHFLSLWDWHPDWUL[LQWHUIDFHDQGWKHLUVXEVHTXHQWJURZWK	FRDOHVFHQFHDUHWKRXJKW
WREH WKHPHFKDQLVPVIRU LWVFUHHS UXSWXUH$VXLWDEOHPHWKRGRORJ\RIFKDUDFWHUL]LQJ WKHFUHHSGDPDJHHYROXWLRQ
DQGTXDQWLWDWLYHPHWDOORJUDSK\HYDOXDWLRQRIFUHHSFDYLWDWLRQKDVQRWVRIDUEHHQVWXGLHG
,QWKHSUHVHQWZRUN%RJGDQRIIPRGHO%PRGHOEDVHGRQ0DUNRYSURFHVV>@DQG.DFKDQDY>@&'0
PRGHO.PRGHOKDVEHHQXVHGWRSUHGLFWFUHHSGDPDJHHYROXWLRQ0RQWH&DUOR6LPXODWLRQKDVEHHQFDUULHGRXWWR
SUHGLFW WKH DVVRFLDWHG VFDWWHU LQ GDPDJH HYROXWLRQ XQGHU LGHQWLFDO WHVW FRQGLWLRQV 7KH VLPXODWLRQ EDVHG GDPDJH
SUHGLFWLRQDQGDVVRFLDWHGVFDWWHULVLQFORVHDJUHHPHQWZLWKH[SHULPHQWDOGDWD7KHPRGHOVKDYHEHHQDSSOLHGWR
FUHHSVWUDLQDFFXPXODWLRQGDWDRI\HDUVVHUYLFHH[SRVHGUHIRUPHUWXEHERWKWRSDQGERWWRPSRUWLRQPDGHXSRI
+3 JUDGH RI VWHHO RI D SHWURFKHPLFDO LQGXVWU\ IRU GLIIHUHQW VWUHVVWHPSHUDWXUH FRQGLWLRQV $OVR D TXDQWLWDWLYH
PHWDOORJUDSK\VWXG\RQWKHH[WHQWRIFUHHSFDYLWDWLRQDQGVWDWLVWLFDODQDO\VLVRIYRLGDUHDIUDFWLRQKDVEHHQFDUULHG
RXWH[WHQVLYHO\IRUWKHERWKWRSDQGERWWRPSRUWLRQRIWKHUHIRUPHUWXEHDWR&LQWKHVWUHVVUDQJHRI03D
0DWHULDODQG([SHULPHQWDO3URFHGXUH
7KHPDWHULDOIRUWKHSUHVHQWLQYHVWLJDWLRQZDVUHFHLYHGLQWKHIRUPRIWXEHZKLFKLVDOPRVW\HDUVVHUYLFH
H[SRVHG7KH WXEHZDVPDGHIURP+3JUDGHRIVWHHODQGHTXLYDOHQWRI&U1L1E7L0R5RRPDQG
KLJK WHPSHUDWXUH  R& R&DQG R&  WHQVLOH  WHVWV RI  WKH  VHUYLFH H[SRVHGPDWHULDO ZDV FRQGXFWHG
IROORZLQJ$6700VWDQGDUG'HWDLOVDUHUHSRUWHGLQ>@$FFHOHUDWHGFUHHSUXSWXUHWHVWVRIWKHVHUYLFHH[SRVHG
WXEHVZHUHFRQGXFWHGLQVLQJOHSRLQW7FDSDFLW\$76FUHHS7HVWLQJ0DFKLQHV7KHPDFKLQHVDUHILWWHGZLWKDWKUHH
]RQH VSOLW IXUQDFH DWWDFKHG ZLWK D KLJK SUHFLVLRQ FRQWUROOHU 6SHFLPHQV DUH WLHG ZLWK WKUHH QXPEHUV RI 5 W\SH
WKHUPRFRXSOHVDORQJWKHJDXJHOHQJWKSRUWLRQRIWKHF\OLQGULFDOVSHFLPHQV7KH]RQDOWHPSHUDWXUHZDVPDLQWDLQHG
ZLWKLQR&7HVWVZHUHFDUULHGRXWDVSHU$670(VSHFLILFDWLRQ7KHVHWHVWVZHUHFDUULHGRXWDWR&DQG
LQWKHVWUHVVUDQJHRI03D$VHWRIIRXUVSHFLPHQVZHUHWHVWHGXQGHUWKLVLGHQWLFDOFRQGLWLRQWRH[DPLQHWKH
VWDWLVWLFDO FUHHS EHKDYLRXU7KH RFFXUUHQFHV RI VFDWWHU GXH WR FUHHS GHIRUPDWLRQ ZHUH HYDOXDWHG WKURXJK
PLFURVWUXFWXUDODVVHVVPHQWXVLQJVFDQQLQJHOHFWURQPLFURVFRSH6(0DQG OLJKWRSWLFDOPLFURVFRSH/206(0
HTXLSSHGZLWK ('; DQDO\VLV V\VWHPZDV XVHG IRU LGHQWLI\LQJ YDULRXV SDUWLFOHV )RU FUHSW VSHFLPHQ WKH SODQH RI
REVHUYDWLRQZDVDWWKHPLGVHFWLRQRIWKHVSHFLPHQGLDPHWHUDQGERWKLQSHUSHQGLFXODUDQGSDUDOOHOWRWKHORDGLQJ
D[LV
7KHGDPDJHTXDQWLILFDWLRQZDVFDUULHGRXWDORQJWKHPHGLDQD[LVRIWKHJDJHOHQJWKRIWKHVSHFLPHQVDW
GLIIHUHQWGLVWDQFHVIURPWKHIUDFWXUHVXUIDFH7KHDYHUDJHGDPDJHYDOXHLVWKHDYHUDJHRIWKHUHVXOWVREWDLQHGRQ
SLFWXUHVWDNHQDORQJWKHJDJHOHQJWK
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7KH IUDFWXUH VXUIDFHV RI DOO WKH VDPSOHVZHUH DQDO\VHG E\ 6(0 DQG LW KDV EHHQ IRXQG WKDW WKH W\SH RI
IUDFWXUHZDVGXFWLOHLQQDWXUH7KHRWKHUEURNHQSLHFHVZHUHORQJLWXGLQDOO\VHFWLRQHGDORQJWKHPLGSODQHSROLVKHG
WKURXJKFRQYHQWLRQDOPHWDOORJUDSKLFWHFKQLTXHWRUHYHDOFUHHSFDYLW\,QWKHSUHVHQWLQYHVWLJDWLRQH[WHQVLYHLPDJH
SURFHVVLQJZDVFDUULHGRXWRQWKHPLUURU¿QLVKHGRSWLFDOPLFURJUDSKVREWDLQHGIURPWKHFURVVVHFWLRQDOSODQHVDORQJ
WKHVSHFLPHQD[LVDQGSDUDOOHOWRWKHIUDFWXUHVXUIDFHIRUTXDQWLWDWLYHLQIRUPDWLRQRQFUHHSFDYLW\DUHDLQVSHFLPHQV
WHVWHGDWGLěHUHQWVWUHVVHV 6WDUWLQJIURPWKHIUDFWXUHHQGRI WKHVSHFLPHQVD ODUJHQXPEHURI¿HOGVLHVHYHUDO
RSWLFDO LPDJHVZHUH VHTXHQWLDOO\ YLHZHG XQGHU DQ RSWLFDOPLFURVFRSH DW SUHGHWHUPLQHG GLDPHWUDO ORFDWLRQV DQG
LPDJHVRIWKHPLFURVWUXFWXUHZHUHGLJLWDOO\UHFRUGHGZLWKDPDJQL¿FDWLRQRI;&UHHSFDYLW\DSSHDUVGDUNHULH
JUH\DJDLQVWWKHOLJKWEDFNJURXQGRIWKHDXVWHQLWHPDWUL[XQGHUWKHRSWLFDOPLFURVFRSH7KHVHRSWLFDOLPDJHVZHUH
DQDO\VHGDIWHUDSSURSULDWHJUH\WKUHVKROGLQJWRREWDLQWKHFUHHSFDYLW\DUHDDVDIXQFWLRQRIWUXHVWUDLQ7KLVPHWKRG
RIHVWLPDWLQJWKHH[WHQWRIFUHHSFDYLW\ZDVHPSOR\HGIRUDOOWKHFUHHSWHVWHGVSHFLPHQVIUDFWXUHGDWGLěHUHQWVWUHVV
OHYHOV7KHWUXHVWUDLQFRUUHVSRQGLQJWRWKHDPRXQWRIFUHHSFDYLW\WKDWZDVTXDQWLWDWLYHO\GHWHUPLQHGZDVHVWLPDWHG
E\ PHDVXULQJ WKH GLDPHWHU ' RI WKH VSHFLPHQ DW WKH VSHFL¿F WUDQVYHUVH SODQH ZLWK WKH KHOS RI D WUDYHOOLQJ
PLFURVFRSHDQGPDNLQJXVHRIWKHHTXDWLRQ
 ⎟
⎠
⎞
⎜
⎝
⎛
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ZKHUH'LVWKHRULJLQDOGLDPHWHUDQG'LVWKHPHDVXUHGGLDPHWHU7KHFDYLW\SRSXODWLRQDGMDFHQWWRWKHIUDFWXUH
VXUIDFHZDVREVHUYHGE\6(0LPDJLQJDQGWKH\DUHSUHGRPLQDQWO\QXFOHDWHGDW*%*%73DQGRWKHUVHFRQGSKDVH
FDUELGHSDUWLFOHV$VLPLODUNLQGRIPHWDOORJUDSKLFWHFKQLTXHZDVHPSOR\HGWRPHDVXUHWKHH[WHQWRIPDUWHQVLWHDW
YDULRXVVWUDLQUHSRUWHGHOVHZKHUH>@
'DPDJH0RGHOOLQJ
,Q SRO\FU\VWDOOLQH PHWDOV XQGHUJRLQJ FUHHS DW KLJK WHPSHUDWXUHV IDLOXUH RFFXUV PDLQO\ E\ WKH
QXFOHDWLRQDQGJURZWKRIPLFURVFRSLFFDYLWLHVRQWKHJUDLQERXQGDULHV&DYLWDWLRQLVRQHRIWKHPRVWFRPPRQ
IRUPV RI FUHHS GDPDJH 7KLV KDV EHHQ FRUUHODWHG ZLWK FUHHS VWDLQ DFFXPXODWLRQ E\ GLUHFW PHWDOORJUDSKLF
H[DPLQDWLRQRISRZHUSODQWFRPSRQHQWVH[SRVHGWRFUHHS)LJVKRZVDVFKHPDWLFUHSUHVHQWDWLRQRIWKHQDWXUHDQG
GLVWULEXWLRQRIFDYLWLHVGXULQJYDULRXVVWDJHVRIFUHHSVWUDLQDFFXPXODWLRQLQDFRPSRQHQW7KHSURFHVVWUXO\FRQVLVWV
RI ERWK QXFOHDWLRQ DQG JURZWK WKH IRUPHU LV SUREDELOLVWLF ZKHUH DV WKH ODWWHU LV GHWHUPLQLVWLF $ SUREDELOLVWLF
PHFKDQLVP LV EHVW UHSUHVHQWHG DV D GLVFUHWH SURFHVVZKHUHDV JURZWK LV FRQWLQXRXV E\ QDWXUH 3UHGLFWLYHPRGHOV
EDVHGRQGHWHUPLQLVWLFDSSURDFKFRQVLGHUFRQVWUDLQHGJURZWKRIFDYLWLHVDVWKHSULQFLSDOPHFKDQLVP6XFKPRGHOV
DVVXPHSUHVHQFHRIH[WUHPHO\ILQHFDYLWLHVDVSUHH[LVWLQJQXFOHL7KHLULQLWLDOVL]HVDUHWRRVPDOOWRDFFRXQWIRUDQ\
ORVVRI HIIHFWLYH ORDGEHDULQJFURVV VHFWLRQDUHDRI WKHFRPSRQHQW ,I DW DOO LW FRQWULEXWHV LW LV OLNHO\ WR DIIHFW WKH
LQLWLDO VWUHQJWKRI WKHPDWHULDO DQG LWV HIIHFWZRXOG VKRZXSDV VFDWWHU LQ WKH H[SHULPHQWDO FUHHS VWUDLQ WLPHSORW
1HYHUWKHOHVV ZLWK WKLV DVVXPSWLRQ GHWHUPLQLVWLF PRGHO GRHV GHVFULEH PDQ\ RI WKH IHDWXUHV RI WKH FUHHS FXUYHV
GHVFULEHG DERYH )ROORZLQJ WKH VDPH DQDORJ\ LW LV SRVVLEOH WR EXLOG XS D PRGHO HQWLUHO\ EDVHG RQ SUREDELOLVWLF
DSSURDFKDVVXPLQJFUHHSGDPDJHDFFXPXODWLRQDVDGLVFUHWHSURFHVV
'HWHUPLQLVWLF$SSURDFK&'00RGHOIRU&UHHS'DPDJH
7KH ZRUN RI .DFKDQRY >@ DQG 5DERWQRY >@ LV RI FRQVLGHUDEOH UHOHYDQFH WR HYDOXDWH PDWHULDO
GHJUDGDWLRQGXHWRFUHHS7KH\DVVXPHGWKDWGXULQJFUHHSGDPDJHDFFXPXODWLRQSURJUHVVLYHO\UHGXFHVWKHHIIHFWLYH
ORDGEHDULQJFURVVVHFWLRQDODUHDRIDVSHFLPHQIURPDQ LQLWLDOO\ LQWDFWFRQGLWLRQ WRDFRPSOHWH ORVVZKHQUXSWXUH
RFFXUV 7KH UDWH RI VWUDLQ DFFXPXODWLRQ FDQ EH SUHGLFWHG WKURXJKRXW WKH FUHHS OLIH E\ LQWURGXFLQJ D JHQHUDOL]HG
GDPDJH SDUDPHWHU Ȧ 3UHGLFWLRQV RI GDPDJH RU ORVV RI FRQWLQXLW\ DUH PDGH SRVVLEOH E\ D VHW RI WZR FRXSOHG
HTXDWLRQVZKLFKILWWKHOLPLWLQJFRQGLWLRQVLHȦ DWWLPHW DQGȦ DWWLPHW WUDV
Q
Q$
GW
G
 ω
σε
−
=          
η
ω
σω
 −=
P%
GW
G          
:KHUH$%QPDQGȘDUHPDWHULDOFRQVWDQWV
)ROORZLQJ&DQH>@(TVFDQEHLQWHJUDWHGIRUFRQVWDQWVWUHVVFRQGLWLRQVWRJLYH
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
:KHUHȜLVFUHHSGDPDJHWROHUDQFHIDFWRU>@DQGLVGHILQHGDVWKHUDWLRRIVWUDLQWRIDLOXUHWRWKH0RQNPDQ
*UDQW FRQVWDQW LH λ = εU/ UP W
•
ε DQG Uε  UW 
•
Pε DUH UXSWXUH VWDLQ WLPH WR UXSWXUH DQG PLQLPXP FUHHS UDWH
UHVSHFWLYHO\7KHSURGXFW VUP W εε ≡
•
LVWKH0RQNPDQ*UDQWFRQVWDQWȜLVDVLJQLILFDQWSDUDPHWHULQDVVHVVLQJWKH
VXVFHSWLELOLW\RIDPDWHULDOWRORFDOL]HGFUDFNLQJDWVWUDLQFRQFHQWUDWLRQVDQGLVDOVRVXJJHVWHGDVDEHWWHUPHDVXUHRI
FUHHSGXFWLOLW\>@,WVYDOXHIRUHQJLQHHULQJDOOR\VUDQJHVIURPWRDERXW
(T GHILQHV DJHQHUDOL]HG FUHHSGDPDJH UHODWLRQVKLS IRU HVWLPDWLQJFUHHS OLIH IUDFWLRQ FRQVXPHGDW DQ\JLYHQ
WLPH+RZHYHU WKLV DSSURDFK GRHV QRW FRQVLGHU WKH VFDWWHU WKDW LV LQKHUHQW LQ DQ\ FUHHS WHVW ,WZRXOG EH KLJKO\
EHQHILFLDO LI HVWLPDWLRQRI UHPDLQLQJ OLIHRI FRPSRQHQW FRXOGHIIHFWLYHO\EHSRVLWLRQHGZLWKLQ WKH VFDWWHUEDQGRI
FUHHSVWUDLQWLPHGDWD
 6WRFKDVWLF$SSURDFK0DUNRY3URFHVVIRU&UHHS'DPDJH
*URZWK RI YRLGVFUDFNV LV SUREDELOLVWLF &XPXODWLYH GDPDJH SURFHVV LV GHILQHG DV WKH DFFXPXODWLRQ RI
YRLGVDQGPLFURFUDFNVLQVLGHWKHPDWHULDO)LJLVDVFKHPDWLFRIWKHYDULRXVVWDJHVRIQXFOHDWLRQDQGMRLQLQJRI
YRLGVFDYLWLHVOHDGLQJWRUXSWXUHDWGLIIHUHQWOHYHOVRIDFFXPXODWLRQRIVWUDLQ'XULQJFUHHSDYLUJLQPDWHULDOJRHV
WKURXJK HDFK RI WKH VWDJHV UHSUHVHQWHG LQ )LJ EHIRUH UXSWXUH RFFXUV 7KH SURFHVV RI DFFXPXODWLRQ RI GDPDJH
GXULQJFUHHSGHSHQGVRQO\RQLWVFXUUHQWVWDWH7KHUHIRUHLWZDVSRVVLEOHWRVLPXODWHWKLVE\D0DUNRYFKDLQSURFHVV
>@ZKLFKLVGHILQHGDVDVWRFKDVWLFSURFHVVVDWLVI\LQJWKHIROORZLQJFRQGLWLRQ
3URE>6Q M_6Q L6Q N6R O@ 3URE>6Q M_6Q L@  
6LPLODU VWXG\ZDV FDUULHGRXW IRU DQ DXVWHQLWLF VWDLQOHVV VWHHO DQG LV UHSRUWHG DQGGLVFXVVHG LQ GHWDLOV LQ >@ 6Q
UHSUHVHQWV QWK HYHQW DQG WKH LQGLFHV L M N HWF UHSUHVHQW WKH VWDWH QXPEHU  7KH SURFHVV RI YRLG JURZWK LV
LUUHYHUVLEOH ,QRWKHUZRUGV LI LW LV LQVWDWH6L LWFDQQRWPRYH WR6MZKHUH M  L6WDWH LQGLFDWHV WKH LQLWLDO VWDWH
ZKHUHWKHUHLVZLWKQRGDPDJHDQGVWDWHELQGLFDWLQJWKHILQDOGDPDJHVWDWHUXSWXUHRUIDLOXUHVWDWHRUWKHDEVRUELQJ
VWDWH/HFNLHDQG+D\KXUVWKDYH>@GHILQHGWKHLQLWLDOGLVWULEXWLRQRIWKHGLIIHUHQWGDPDJHOHYHOVDWWLPHW E\D
[EURZYHFWRUSR
SR ^ʌ««ʌE`DQG 

=∑
=
E
M
Mπ       
3UREDELOLW\RIPRYLQJWRVWDWHDQGEH\RQGLV]HUR$FFXPXODWLRQRIFUHHSGDPDJHLQDPDWHULDOLVUHSUHVHQWHGE\D
WUDQVLWLRQPDWUL[3>@3OHDVHUHIHUWR$QQH[XUH,IRUGHWDLOV
$OO VWDWHV LQ WKH WUDQVLWLRQ PDWUL[ 3 DUH WUDQVLHQW H[FHSW IRU VWDWH E DEVRUELQJ VWDWH %RJGDQRII DQG
.ULHJHU>@KDGVXJJHVWHGDVLPSOHSURFHGXUHIRUHVWLPDWLQJWKHVHHOHPHQWVWRVLPXODWHIDWLJXHGDPDJHHYROXWLRQ
7KHVDPHSURFHGXUH>@KDGEHHQXVHGLQWKLVZRUNDV%PRGHOWRSUHGLFWFUHHSGDPDJHHYROXWLRQDVDIXQFWLRQRI
WLPH
6WDWLVWLFDO$QDO\VLVRI&UHHS&DYLW\$UHD
0RVWRI WKHHěRUWV LQ WKHVWXG\RIFUHHS LQVWHHOVKDYH IRFXVHGRQH[SHULPHQWDO UHVHDUFK WRH[DPLQH WKH
HěHFW RI PLFURVWUXFWXUH RQ WKH IRUPDWLRQ RI FDYLWLHV 1XFOHDWLRQ RI FDYLW\ LV D UDQGRP SURFHVV DQG LV VWURQJO\
GHSHQGHQWXSRQWKHORFDOVWUHVVVWDWHDQGVWUDLQVWDWH,WKDVEHHQREVHUYHGWKDWRYHUYDULRXVWHVWFRQGLWLRQVIRUWKH
ERWK WRS DQGERWWRPSRUWLRQRI WKH UHIRUPHU WXEH WKH QRUPDOLVHG  FUHHS FDYLW\ DUHD IUDFWLRQ ⎟⎟
⎠
⎞
⎜⎜
⎝
⎛
ε
IY  IROORZV WKH
:HLEXOOGLVWULEXWLRQ7RPDLQWDLQXQLIRUPLW\FUHHSFDYLW\DUHDZDVQRUPDOL]HGE\UHVSHFWLYHWUXHVWUDLQZKLFKKDV
EHHQPHDVXUHGIURPIDLOHGFUHSWVSHFLPHQVDVVKRZQLQ)LJ,QWHUPVRIWUXHVWUDLQεDQGFXPXODWLYHSUREDELOLW\
RIIDLOXUH3IFUHHSFDYLW\DUHDIUDFWLRQYIFDQEHSUREDELOLVWLFDOO\HVWLPDWHGDV
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ZKHUHDDQGEDUH:HLEXOOSDUDPHWHU
5HVXOWVDQGGLVFXVVLRQ
0LFURVWUXFWXUH(YDOXDWLRQ
0HWDOORJUDSKLFH[DPLQDWLRQXQGHU6(0LVUHYHDOHG LQ)LJ$FROXPQDU W\SHRIVWUXFWXUHZDVREVHUYHG
)LJVD	G7KHSUHFLSLWDWLRQRIFDUELGHVFDQEHLGHQWLILHGWREHRIWZRW\SHVDVUHYHDOHGLQWKH('$;DQDO\VLV
$OLJKWJUH\RQHZKLFKDUHPRUHFRQWLQXRXVDQGEORFNLHUDQGDGDUNJUH\RQHZKLFKDUHSUHVHQWPRVWO\LQWKHLQWUD
GHQGULWLFORFDWLRQVDVFRQILUPHGE\6(0±(';VWXGLHV)LJ&DUELGHVLQWKHLQWHUGHQGULWLFERXQGDULHVDSSHDUDV
ODPHOODURUVNHOHWRQIRUP>@8SRQVHUYLFHLQGXFHGDJHLQJWKH\ZRXOGWHQGWRJHWFRDUVHQHGWRDEORFN\VKDSHDQG
LI WKH WHPSHUDWXUHV DUH WRR KLJK LW ZLOO EH LQ WKH ZRUP VKDSH >@ 7KH OLJKW JUH\ SKDVHV )LJ ZHUH PDLQO\
LGHQWLILHG DV QLRELXPULFK FDUELGH >@ ZKLFK LV PRUH VWDEOH DW KLJK WHPSHUDWXUH FRPSDUHG WR WKH VHFRQGDU\
FKURPLXPFDUELGHV KHQFH WKHLU SUHVHQFH LV LQVLGH WKHGHQGULWH JUDLQV7KHSULPDU\ FDUELGH QHWZRUN FRQVLVWHGRI
FKURPLXPULFK&U&DQGQLRELXPULFKFDUELGHV)LJZLWKVRPHQLFNHODQGVLOLFRQLQLW3UHVHQFHRIVLJQLILFDQW
DPRXQWRIVLOLFRQDQGQLFNHODWWKHOLJKWJUH\SUHFLSLWDWHFRQILUPVWKDWSDUWLDOFRQYHUVLRQRI1E&SKDVHWR1E±1L±6L
KDGRFFXUUHG7KHLQWUDGHQGULWLFFDUELGHVDUHPDLQO\QLRELXPULFKFDUELGHZLWKVRPHVLOLFRQDQGQLFNHOLQLW7KH
LQWHUGHQGULWLF FUDFN RULJLQDWHG IURP WKH LQQHU ZDOO VXUIDFH 1E ULFK FDUELGHV DUH VHHPHG WR EH FRDJXODWHG DQG
FRDUVHQHG DQG DUH SUHVHQW LQ WKH LQWUD GHQGULWLF UHJLRQ 7KHUHIRUH GLIIHUHQW PRUSKRORJ\ RI WKH SUHFLSLWDWHV ZDV
REVHUYHGLQWKHLQWUDGHQGULWLFUHJLRQZKLFKDUHPRVWO\&UULFKFDUELGHDQGVRPHRIWKHPPD\EH1EULFKFDUELGH
7KHPDLQGDPDJHPHFKDQLVPIRUUHIRUPHUWXEHLVWKHFRPELQDWLRQRIWKHUPDOVWUHVVHVDQGLQWHUQDOSUHVVXUHVWUHVVHV
>@7KLVFRPELQDWLRQRIVWUHVVHVFDXVHVFUHHSGDPDJHWKDWW\SLFDOO\GHYHORSVDWWKHLQQHUGLDPHWHURUMXVWEHORZ
WKH LQWHUQDOGLDPHWHU VXUIDFH ,WZDVSRLQWHGRXW WKDW WHVW VWUHVVZDVGLIIHUHQW IURPVHUYLFH VWUHVVEHFDXVHYDULRXV
SUHVVXUHDQGZDOO WKLFNQHVVFRPELQDWLRQGLGH[LVW7KHUHZDVRYHUKHDWLQJLQ WKHERWWRPUHJLRQRI WKHWXEH LQ WKH
SUHVHQWLQYHVWLJDWLRQDV6(0LPDJHRIWKHVDPHUHYHDOHGFRDUVHFDUELGHVDWGHQGULWLFERXQGDULHVDQGGLVDSSHDUDQFH
RIILQHLQWUDGHQGULWLFSUHFLSLWDWLRQ)LJ7KHPLFURVWUXFWXUHRIWKHVHUYLFHH[SRVHGDOOR\ZDVIUHHIURPDQ\VLJQV
RIGHWHULRUDWLRQ,QJHQHUDODFROXPQDUW\SHRIVWUXFWXUHZDVREVHUYHGIRUERWKWKHWRSDQGERWWRPSRUWLRQVRIWKH
UHIRUPHUWXEH7KHSULPDU\FDUELGHQHWZRUNFRQVLVWHGRIFKURPLXPULFK&U&DQGQLRELXPULFKFDUELGHVDVLQWUD
GHQGULWLFFDUELGHVZLWKVRPHQLFNHODQGVLOLFRQLQLW3UHVHQFHRIVLJQLILFDQWDPRXQWRIVLOLFRQDQGQLFNHODWWKHOLJKW
JUH\SUHFLSLWDWHFRQILUPVWKDWSDUWLDOFRQYHUVLRQRI1E&SKDVHWR1E1L6LKDGRFFXUUHG
&RQYHQWLRQDO&UHHS
)URP WKHKRW WHQVLOH VWUHQJWKGDWD >@FUHHS ORDGVDW R& ZHUH VHOHFWHG LQ WKH UDQJHRI03D
7HQVLOH WHVW UHVXOWV >@ZKHQ FRPSDUHGZLWK WKH VWDQGDUG15,0 GDWD RI VLPLODU JUDGH RI VWHHO >@ KDV FOHDUO\
HVWDEOLVKHGWKDW WKHPDWHULDOKDVEHFRPHVRIWHQHGGXHWRSURORQJHGVHUYLFHH[SRVXUHZKLFKLVDOVRDSSDUHQWIURP
SUHVHQFHRIFRDUVHFDUELGHVDWGHQGULWLFERXQGDULHVDQGGLVDSSHDUDQFHRIILQHLQWUDGHQGULWLFSUHFLSLWDWLRQ)LJDW
WKHERWWRPSRUWLRQRIWKHWXEH7KHFRQYHQWLRQDOFUHHSFXUYHV)LJDEDQGFUHHSVWUDLQUDWHFXUYH)LJFGRI
VHUYLFHH[SRVHGPDWHULDORIERWKWRSDQGERWWRPSRUWLRQRIWKHUHIRUPHUWXEHDWR&03DFOHDUO\H[KLELWWKDW
WKHUHLVVXEVWDQWLDODPRXQWRIVFDWWHULQFUHHSGHIRUPDWLRQDQGFUHHSVWUDLQUDWHFXUYH
)LJH[KLELWVWKHIUDFWRJUDSKRIFUHSWVHUYLFHH[SRVHGVSHFLPHQV7KHIUDFWXUHGVXUIDFH)LJFHJNS
KDVXQGHUJRQHVHYHUHR[LGDWLRQ,WZDVIRXQGWRUXSWXUHLQDUHODWLYHO\EULWWOHPDQQHUZLWKHORQJDWLRQIRU
WRSSRUWLRQRIWKHWXEH)LJDSLVDJHQHUDOREVHUYDWLRQRIIUDFWRJUDSKLFIHDWXUHVRIWKHWRSDVZHOODVWKHERWWRP
SRUWLRQRIWKHWXEH%RWWRPSRUWLRQRIWKHWXEHIUDFWXUHGZLWKHORQJDWLRQUHYHDOLQJDTXDVLFOHDYDJHIUDFWXUH
)LJFGJNRSDQGDEULWWOHIDLOXUHZLWKSUHVHQFHRIFOHDYDJHIDFHW)LJJRSUHVSHFWLYHO\+RZHYHULQWKH
WRS VHFWLRQ )LJDEILMQ  DQG )LJGKO RI WKH ERWWRP VHFWLRQ GLG UHYHDO GXFWLOH GLPSOHV ,Q FDVH RI TXDVL
FOHDYDJH IUDFWXUH)LJFGJNRS SRVVLEO\ ZKHQ WKH VSHFLPHQ ILQDOO\ IUDFWXUHG WKH FUDFN SURSDJDWHV LQWR WKH
VSHFLPHQDQGUHPDLQLQJSDUWRIWKHVSHFLPHQVXSSRUWVWKHDSSOLHGORDGDQGILQDOO\UXSWXUHGZLWKVKHDUPRGHRUZLWK
VOLGLQJ $FWXDOO\ WKH IDFHW ORRNV VPHDUHG E\ VOLGLQJ $OWKRXJK VDPSOHV ZHUH FUHSW XQGHU LGHQWLFDO VWUHVV
WHPSHUDWXUH FRQGLWLRQ LW LV REVHUYHG WKDWPRGH RI IDLOXUH LV GLIIHUHQW 6LPLODU NLQGRI REVHUYDWLRQZDV IRXQGE\
*DURIDORHWDO>@DQG5R\HWDO>@
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)RU FUHSW VHUYLFH H[SRVHGPDWHULDO IUDFWXUHZDVPDLQO\ GXH WR WKH FUHHS UXSWXUHPHFKDQLVP LQ WHUWLDU\
UHJLRQZKLFK YDULHG IURP GXFWLOH WR TXDVL FOHDYDJH IDLOXUH 3RVVLEO\ DV D UHVXOW RI WKLV YDULDWLRQ LQ WKHPRGH RI
IUDFWXUH WKHUH LV D VXEVWDQWLDO DPRXQW RI VFDWWHU ERWK LQ WKH FUHHS UHVSRQVH DQG FUHHS UXSWXUH WLPH2[LGH VFDOH
IRUPDWLRQ )LJHLJNGHFUHDVHV WKHHIIHFWLYHFURVVVHFWLRQDUHDIRU WKH ORDGEHDULQJFDSDFLW\RI WKHVSHFLPHQ
9DULDWLRQ LQ WKH PRGH RI IUDFWXUH PD\ EH GXH WR R[LGH VFDOH IRUPDWLRQ RQ WKH FUHSW VSHFLPHQ ZKLFK OHG WR
FDWDVWURSKLFIDLOXUH,QDGGLWLRQWKRXJKR[LGHVFDOHUHGXFHVWKHHIIHFWLYHFURVVVHFWLRQDODUHDRIWKHVSHFLPHQWKH
FRPELQHG HIIHFW RI LQKRPRJHQLW\ LQPLFURVWUXFWXUH RI VHUYLFH H[SRVHGPDWHULDO LV HTXDOO\ LPSRUWDQW+HQFH RQH
PD\VD\WKDWR[LGDWLRQHIIHFWLQFRPELQDWLRQZLWKWKHLQIOXHQFHRIFKDQJHLQPLFURVWUXFWXUHFRXOGEHUHVSRQVLEOHIRU
YDULDWLRQLQWKHPRGHRIIUDFWXUHDQGFUHHSUHVSRQVH
 0RGHOOLQJ
,QWKLVVHFWLRQWKHSURSRVHGPRGHOEDVHGRQ%RJGDQRIIPRGHO>@LVFRPSDUHGZLWK.DFKDQDY>@&'0
PRGHO IURP ERWK SKHQRPHQRORJLFDO DQG VWDWLVWLFDO SRLQWV RI YLHZ 7KH SKHQRPHQRORJLFDO FRPSDULVRQ KHOSV WR
LQYHVWLJDWHZKHWKHUWKHSURSRVHGPRGHOFRXOGSUHGLFWWKHWLPHWRUHDFKDVSHFLILHGGDPDJHVWDWH)LJDEVKRZV
WKH FRPSDULVRQ RI  WKH SURSRVHG PRGHO ZLWK WKH .DFKQRY¶V GDPDJH PRGHO 7KH  SURSRVHG  PRGHO  ILWV  WKH
.DFKDQRY¶V GDPDJH PRGHO YHU\ ZHOO DQG  LW  FDQ GHVFULEH  WKH DEUXSWFKDQJHVRI WKHFUHHSGDPDJH LQ WKH
WHUWLDU\SDUWDVZHOO
7KH%RJGDQRIIPRGHO>@KDVEHHQXVHGWRSUHGLFWFUHHSGDPDJHHYROXWLRQDVDIXQFWLRQRIWLPH6LQFHWKH
SUREDELOLW\RI UHDFKLQJD VSHFLILF VWDWHRIGDPDJHDW DQ\ LQVWDQWRI WLPH LVNQRZQD0RQWH&DUOR VLPXODWLRQKDV
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